Introduction
4,2′:6′,4″-Terpyridine Ĳ4,2′:6′,4″-tpy) ligands are readily accessible building blocks for the assembly of coordination polymers and networks. 1 In contrast to the bisĲchelating) mode of 2,2′:6′,2″-terpyridine (the most commonly encountered terpyridine isomer), 4,2′:6′,4″-tpy offers a V-shaped building block with a fixed internal angle of 120°. Despite possessing three N-donors, 4,2′:6′,4″-tpy typically coordinates through only the outer pyridine domains. This preference was initially demonstrated in the 1-dimensional coordination polymer ĳ{ZnCl 2 (4,2′:6′,4″-tpy)} n ], 2 and has now been observed in a wide range of ĳ{ZnX 2 (4′-R-4,2′:6′,4″-tpy)} n ] ĲX = Cl, Br) and ĳ{Zn 2 (OAc) 4 Ĳ4′-R-4,2′:6′,4″-tpy)} n ] complexes. 1 Recently, there has been interest in the incorporation of coordinatively non-innocent carboxylate groups (e.g. 4-carboxyphenyl, 2-carboxyphenyl) in the 4′-position of the 4,2′:6′,4″-tpy domain. [3] [4] [5] [6] [7] The introduction of heterocyclic substituents (pyridine, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] imidazole 18 and pyrimidine 19 ) in the 4′-position of 4,2′:6′,4″-tpy is a simple means of increasing structural diversity and enhancing the dimensionality. Ditopic bisĲ4,2′:6′,4″-terpyridine) ligands remain underexplored, 20, 21 and open further routes to developing 2-and 3-dimensional assemblies containing 4,2′:6′,4″-tpy metal-binding domains.
In 2002, Cave and Raston reported the synthesis and structure of the helical coordination polymer ĳ{ZnCl 2 L} n ] in which L is 4′-Ĳ4-octoxyphenyl)-4,2′:6′,4″-terpyridine. 22 Despite incorporating long alkyl chains, the polymer is structurally similar to others in the ĳ{ZnX 2 (4′-R-4,2′:6′,4″-tpy)} n ] family. 1 In contrast, we have observed that the reaction of 4′-Ĳ4-dodecoxyphenyl)-4,2′:6′,4″-terpyridine with zincĲII) acetate leads to a discrete molecule containing a {Zn 2 ĲOAc) 4 } paddle wheel unit with monodentate 4′-Ĳ4-dodecoxyphenyl)-4,2′:6′,4″-tpy ligands in the axial sites. 23 This breaks the common pattern of reactions of ZnĲOAc) 2 ·2H 2 O with 4′-X-4,2′:6′,4″-tpy ligands leading to zigzag chains with the tpy domain bridging between {Zn 2 ĲOAc) 4 } units. 1 We now present a systematic study of the reactions of ZnĲOAc) 2 ·2H 2 O with a homologous series of 4′-Ĳ4-ROC 6 H 4 )-4,2′:6′,4″-tpy ligands (1-10, Scheme 1) in which R is an alkyl substituent, and we illustrate the competition between π-stacking interactions of aromatic domains and van der Waals interactions between alkoxy chains as a function of chain length in determining the structure type.
Experimental
Electrospray mass spectra were measured on a Bruker Esquire 3000 instrument using MeCN solutions of samples. Absorption spectra were recorded on Varian Carry 5000 spectrometer, and IR spectra on a Shimadzu FTIR-8400S or Perkin Elmer UATR Two spectrophotometer. 1 H and 13 C NMR spectra were recorded using a Bruker Avance III-500 or 400 NMR spectrometers at 295 K; chemical shifts were referenced to residual solvent peaks with respect to δĲTMS) = 0 ppm. Commercial sources or synthetic and characterization details for precursors, as well as IR spectroscopic data for the ligands are given in the ESI. † 4′-Ĳ4-Methoxyphenyl)-4,2′:6′,4″-terpyridine (1) p-Anisaldehyde (1.21 mL, 1.36 g, 10.0 mmol) was dissolved in EtOH (60 mL). 4-Acetylpyridine (2.27 mL, 2.47 g, 20.0 mmol) was added, followed by crushed KOH (1.12 g, 20.0 mmol). The mixture changed from colourless to yellow, to red. Aqueous NH 3 (25%, 49.3 mL, 44.9 g, 320 mmol) was added dropwise and the mixture was stirred at room temperature overnight. The white precipitate that formed was collected by filtration, washed with water (3 × 10 mL) and EtOH (3 × 10 mL) and was recrystallized from EtOH. Compound 
4′-Ĳ4-Ethoxyphenyl)-4,2′:6′,4″-terpyridine (2)
4-Ethoxybenzaldehyde (1.50 g, 10.0 mmol) was dissolved in EtOH (60 mL), then 4-acetylpyridine (2.27 mL, 2.47 g, 20.0 mmol) was added, followed by crushed KOH (1.12 g, 20.0 mmol). Colour changes, addition of aqueous NH 3 (25%, 49.3 mL, 44.9 g, 320 mmol), work up and recrystallization were as for the preparation of 1. 4′-Ĳ4-n Decoxyphenyl)-4,2′:6′,4″-terpyridine (10) 4-Ĳĳ4,2′:6′,4″-Terpyridin]-4′-yl)phenol (see ESI †) Ĳ0.35 g, 1.00 mmol) was dissolved in acetone Ĳ40 mL), K 2 CO 3 (0.27 g, 2.00 mmol) was added to the solution and the reaction mixture was refluxed for 15 min. 
Crystallography
Single crystal data were collected on a Bruker APEX-II diffractometer with data reduction, solution and refinement using the programs APEX 25 and SHELXL97 or SHELX-13. 26 ORTEP diagrams and structure analysis used Mercury v. 3.0.1 or 3.3. 27, 28 Crystallographic data for all structures are given in Table 1 . Powder diffractograms were measured on a STOE STADI P diffractometer equipped with a Cu Kα 1 radiation (λ = 1.540598 Å) and a Mythen1K detector.
Results and discussion
Ligand synthesis and characterization
Compounds 1-9 were prepared using the one pot method of Wang and Hanan 29 summarized in Scheme 2, and were isolated in yields ranging from 47.3 to 63.1%. A convenient route to compound 10 proved to be the reaction of nucleophilic 4-Ĳĳ4,2′:6′,4″-terpyridin]-4′-yl)phenol (formed by deprotection of 1 with pyridinium chloride) with 1-bromodecane (Scheme 3); this strategy is analogous to that used for the preparation of polyethyleneoxy-functionalized tpy derivatives. 30 The electrospray mass spectrum of each compound exhibited a base peak corresponding to [M + H] + . The 1 H and 13 C{ 1 H} NMR spectra of 1-10 were assigned using COSY, NOESY, HMQC and HMBC methods, and representative 1 H NMR spectra are shown in Fig. S1 . † The NOESY spectrum of 1 is shown in Fig. 1 View Article Online absorption spectra of the ten 4'-Ĳ4-ROC 6 H 4 )-4,2′:6′,4″-tpy ligands. Each exhibits an intense absorption band around 270 nm with a shoulder at 305 nm. Dominant contributions to these bands come from π* ← π and π* ← n transitions.
Single crystals of 6 and 7 suitable for X-ray analysis were serendipitously obtained from layer diffusion of solutions of 6 in CHCl 3 and ZnĲOAc) 2 ·2H 2 O in MeOH, or by slow evaporation of the solvent from a MeOH solution of 7, respectively. Fig. 2 and S3 † show the structures of these compounds and important bond parameters are given in the figure captions. All bond lengths and angles are as expected. At the molecular level, the two structures are similar with the alkyl chain in an extended conformation and the phenyltpy domain twisted. The angles between the rings containing atoms N1/N2, N2/N3 and N2/C16 are 17.6, 22.7 and 14.3°in 6, and 16.9, 27.9 and 20.0°in 7. Compounds 6 and 7 crystallize in the triclinic P1 and monoclinic Cc space groups, respectively, and the packing of molecules of 6 and 7 necessarily differs. In both structures, the primary assembly motif is a ribbon built up by translation (Fig. 3a) with CH⋯N short contacts (in 6, C14H14a⋯N1 i = 2.57 Å, symmetry code i = x, 1 + y, z; in 7, C2H2a⋯N3 i = 2.67 Å, symmetry code i = x, y, 2 + z). In 6, adjacent ribbons are related by inversion leading to interdigitation of hexoxy chains and the assembly of planar sheets (Fig. 3b) . The packing, dictated by P1 symmetry, resembles that observed in 4′-Ĳ4-n butoxyphenyl)-4,2′:6′,4″-terpyridine (CSD 31 code ACUKAK), 32 4′-Ĳ4-dodecoxyphenyl)-4,2′:6′,4″-terpyridine (QATQEJ), 23 and 4′-Ĳ4-n octadecoxyphenyl)-2,2′:6′,2″-terpyridine (JERNUQ) 33 and 4′-Ĳ4-n octoxyphenyl)-2,2′:6′,2″-terpyridine (JERPAY). 33 A similar layer arrangement is also observed in 4′-Ĳ4-octoxyphenyl)-4,2′:6′,4″-terpyridine 34 (XAYPOC); each sheet is built up from centrosymmetric pairs of molecules but in this case, additional symmetry in the space group C2/c, affects the relationship between molecules in adjacent sheets. In 7, neighbouring ribbons are related by a glide plane giving rise to an off-axis interdigitation of heptoxy chains, all of which point in the same direction (Fig. 3c) . The overall packing in 7 (Fig. 3d ) involves a combination of π-stacking of aromatic rings, CH⋯π contacts and inter-chain van der Waals interactions, with no one type apparently predominant. It is likely that the energy difference between the two different molecular arrangements in the lattices of 6 and 7 is small, and that environmental effects influence the observed packing. 38 Because of the similarity in the structures of ĳ{Zn 2 (OAc) 4 Ĳ1)} n ], ĳ{Zn 2 (OAc) 4 Ĳ2)} n ] and ĳ{Zn 2 (OAc) 4 Ĳ3)} n ], we discuss only ĳ{Zn 2 (OAc) 4 Ĳ1)} n ] in detail, and then present a comparison of the three compounds. Fig. 4 shows the repeat unit in ĳ{Zn 2 (OAc) 4 Ĳ1)} n ]. The polymer chain comprises paddle-wheel {Zn 2 ĲOAc) 4 } units interconnected by 1 which coordinates through the two outer N-donors. The bond parameters of the {Zn 2 ĲOAc) 4 } entity (Fig. 4 caption) are typical. The 4,2′:6′,4″-tpy is virtually planar (angles between the rings containing atoms N1/N2 and N2/N3 = 4.6 and 4.0°, respectively) and the phenyl substituent is twisted 28.6°out of the plane of the pyridine ring to which it is bonded. The methoxy group lies in the plane of the phenyl ring. This, along with the C19-O1-C22 bond angle of 117.2Ĳ4)°and the difference in C19-O1 (1.370(5) Å) and O1-C22 (1.432(6) Å) bond lengths, is consistent with extension of the π-delocalization from the phenyl ring to atom O1. Each polymer chain in ĳ{Zn 2 (OAc) 4 Ĳ1)} n ] has a zigzag form and chains assemble into sheets with the 4-methoxyphenyl group pointing into a V-shaped cavity in an adjacent chain (red or blue chains in Fig. 5a ). This assembly replicates that observed in related complexes, and detailed discussion here is unnecessary. 1 Of relevance to the present study is the packing of the sheets. Fig. 5a shows that the chains in adjacent sheets are arranged so that the 4,2′:6′,4″-tpy domains are offset from one another, facilitating face-to-face π-interactions between the pyridine rings containing N2 and N3 and those with N2 i and N3 i (symmetry code i = −1 − x, 1 − y, 1 − z). The interplane and centroid⋯centroid distances are 3.32 and 3.68 Å, respectively. As Fig. 5b shows, the π-interactions extend to form a tetradecker stack involving symmetry related pyridine rings containing atoms N1 ii and N1 iii (symmetry codes ii = − x, 1 − y, 1 − z; iii = − 1 + x, y, z); the distance from the centroid of the N1-containing ring to the least squares planes through the N2/N3 bipyridine domain is 3.35 Å. The tetradecker π-stack is the repeat assembly motif which results in efficient interactions between slipped 4,2′:6′,4″-tpy units of adjacent sheets to give infinite π-stacked oblique columns running through the lattice. The repeat units in the polymers of ĳ{Zn 2 (OAc) 4 Ĳ2)} n ] and ĳ{Zn 2 (OAc) 4 Ĳ3)} n ] ĲFig. S4 and S5 †) are structurally analogous to that in ĳ{Zn 2 (OAc) 4 Ĳ1)} n ], and bond parameters Ĳsee respective figure captions) are comparable. As in ĳ{Zn 2 (OAc) 4 Ĳ1)} n ], the 4,2′:6′,4″-tpy units in ĳ{Zn 2 (OAc) 4 Ĳ2)} n ] and ĳ{Zn 2 (OAc) 4 Ĳ3)} n ] are close to planar Ĳangles between the rings containing N1/N2 and N2/N3 are both 6.4°in ĳ{Zn 2 (OAc) 4 Ĳ2)} n ], and are 6.2 and 7.6°in ĳ{Zn 2 (OAc) 4 Ĳ3)} n ]). The phenyl substituent is twisted through 27.3°with respect to the plane of the central pyridine ring in ĳ{Zn 2 (OAc) 4 Ĳ2)} n ] compared to 28.2°in ĳ{Zn 2 (OAc) 4 Ĳ3)} n ], and 28.6°in ĳ{Zn 2 (OAc) 4 Ĳ1)} n ]. The polymer chains in ĳ{Zn 2 (OAc) 4 Ĳ2)} n ] and ĳ{Zn 2 (OAc) 4 Ĳ3)} n ] adopt the same zigzag configuration as in ĳ{Zn 2 (OAc) 4 Ĳ1)} n ], and the packing of the chains into sheets and stacking interactions between the sheets follow the same assembly principles in all three compounds. In ĳ{Zn 2 (OAc) 4 Ĳ2)} n ], the parameters that define the tetradecker π-stack assembly motif (see the description of ĳ{Zn 2 (OAc) 4 Ĳ1)} n ] and Fig. 5b ) are interplane and centroid⋯centroid distances of 3.32 and 3.70 Å for the central bpy/bpy domain and a centroid-to-plane distance of 3.38 Å for the py/bpy stacking interaction. These distances are close to the corresponding values of 3.32, 3.68 and 3.35 Å in ĳ{Zn 2 (OAc) 4 Ĳ1)} n ], but increase to 3.39, 3.75 and 3.41 Å on going to ĳ{Zn 2 (OAc) 4 Ĳ3)} n ]. An associated parameter that increases is the distance between adjacent chains in one sheet, and this is assessed from the distance d defined in Fig. 6a . This dimension has been used in an overview of related ĳ{Zn 2 (OAc) 4 Ĳ4′-X-4,2′:6′,4″-tpy)} n ] structures in which d varies from 12.088 Å ĲX = t Bu) to 13.347 Å (X = biphenyl-4-yl). In ĳ{Zn 2 (OAc) 4 Ĳ1)} n ], ĳ{Zn 2 (OAc) 4 Ĳ2)} n ] and ĳ{Zn 2 (OAc) 4 Ĳ3)} n ], d = 12.417Ĳ6), 12.601(6) and 13.277(3) Å, respectively, and the trend is consistent with the accommodation of the increasingly bulkier alkyl group in the V-shaped cavity of an adjacent chain ( Fig. 6b-d) . It is significant that the n-propyl chain is not in an extended conformation (Fig. S5 †) . Folding of the chain allows accommodation in the pocket (Fig. 6d) without the need for the chains to move further apart. Such lateral movement would be detrimental to the π-stacking interactions between chains in adjacent sheets. Reaction between ZnĲOAc) 2 ·2H 2 O and 4 (the n-butoxy-tailed ligand) under the same layering conditions as for reactions between ZnĲOAc) 2 ·2H 2 O and 2 or 3 led to the formation of crystals, but none was suitable for structural determination. However, elemental analysis of the bulk sample was consistent with the formulation ĳ{Zn 2 (OAc) 4 Ĳ4)} n ·H 2 O] and the inclusion of H 2 O in the lattice is consistent with that observed in ĳ{2Zn 2 (OAc) 4 Ĳ5)·2H 2 O} n ] Ĳsee below) as the alkoxy chain lengthens.
A frustrated system: ĳ{2Zn 2 (OAc) 4 Ĳ5)·2H 2 O} n ] and ĳZn 2 (OAc) 4 Ĳ5) 2 ]
Room temperature layering of an MeOH solution of ZnĲOAc) 2 ·2H 2 O over a CHCl 3 solution of 5 with a molar ratio ZnĲOAc) 2 to 5 of 2 : 1 resulted in the formation of colourless blocks. Elemental analysis of the bulk sample was not definitive in terms of the product, and single crystal X-ray diffraction confirmed the presence of two materials: the 1D-coordination polymer ĳ{2Zn 2 (OAc) 4 Ĳ5)·2H 2 O} n ] and the discrete complex ĳZn 2 (OAc) 4 Ĳ5) 2 ].
The compound ĳ{2Zn 2 (OAc) 4 Ĳ5)·2H 2 O} n ] crystallizes in the triclinic space group P1, with two independent {Zn 2 ĲOAc) 4 } and two independent ligands 5 in the asymmetric unit (Fig. 7 ). This contrasts with ĳ{Zn 2 (OAc) 4 Ĳ1)} n ], ĳ{Zn 2 (OAc) 4 Ĳ2)} n ] and ĳ{Zn 2 (OAc) 4 Ĳ3)} n ] Ĳmonoclinic, P2 1 /c and one independent ĳ{Zn 2 (OAc) 4 }ĲL)] unit). The second feature that distinguishes the polymer containing the pentoxy-tailed ligand 5 from those of containing the methoxy, ethoxy and n-propoxy-substituted ligands is the presence of solvent in the lattice (see later). As Fig. 7 shows, the 1D-chain in ĳ{2Zn 2 (OAc) 4 Ĳ5)·2H 2 O} n ] mimics that in the earlier polymers in the series and the bond parameters for the {Zn 2 ĲOAc) 4 } units are unexceptional. The tpy domains of the two independent ligands are more slightly twisted than in the complexes with shorter alkoxy chains; in ĳ{2Zn 2 (OAc) 4 Ĳ5)·2H 2 O} n ] the angles between the planes of the rings containing N1/N2 and N2/N3 are 4.5 and 9.1°, and between those with N4/N5 and N5/N6 are 5.5 and 10.4°. The phenyl rings in the two 4,2′:6′,4″-tpy ligands are twisted 26.3 and 27.4°with respect to each central pyridine ring. The most noticeable difference between the two independent ligands is the conformation of the pentoxy chain. The chain containing atom O2 is in an approximately extended conformation, and the maximum deviation of an alkyl C atom from the plane through the phenyl ring to which the chain is attached is 1.17 Å for C50; the terminal atom C52 lies 0.77 Å out of this plane. In contrast, the chain containing O1 is twisted out of the plane of the phenyl ring containing C16 (Fig. 7) ; the terminal atom C26 lies 3.02 Å away from the plane of the phenyl ring containing C16.
At first glance, the packing of the chains in ĳ{2Zn 2 (OAc) 4 Ĳ5)·2H 2 O} n ] appears the same as in ĳ{Zn 2 (OAc) 4 Ĳ1)} n ] Ĳcompare Fig. 8a with Fig. 5a ). However, adjacent chains in the same sheet (e.g. blue in Fig. 8a) are not equally separated. The distance d defined in Fig. 6a has alternating values of 12.521(6) and 15.719(6) Å within a sheet in ĳ{2Zn 2 (OAc) 4 Ĳ5)·2H 2 O} n ]. The smaller and larger separations correspond, respectively, to accommodation of folded or extended pentoxy chains ĲFig. 8a). The slippage of the chains affects the π-stacking interactions. In contrast to the infinite π-stacked assemblies in ĳ{Zn 2 (OAc) 4 Ĳ1)} n ], ĳ{Zn 2 (OAc) 4 Ĳ2)} n ] and ĳ{Zn 2 (OAc) 4 Ĳ3)} n ] ĲFig. 5b), 4,2′:6′,4″-tpy domains in ĳ{2Zn 2 (OAc) 4 Ĳ5)·2H 2 O} n ] assemble in discrete tetradecker π-stacks (Fig. 8b) made up of three pairs of bpy/bpy interactions. For the central bpy/bpy domain of the stack (yellow space-filling representation in Fig. 8b ), the interplane and centroid⋯centroid distances are 3.31 and 3.65 Å; for the outer bpy/bpy stacking interaction (green to yellow in Fig. 8b) , the angle between the least squares planes through the bpy units is 6.3°and the centroid⋯plane separation is 3.34 Å. In contrast to ĳ{Zn 2 (OAc) 4 Ĳ1)} n ], ĳ{Zn 2 (OAc) 4 Ĳ2)} n ] and ĳ{Zn 2 (OAc) 4 Ĳ3)} n ], the change in packing associated with the longer alkyl chains in ĳ{Zn 2 (OAc) 4 Ĳ5)} n ] gives rise to cavities in the lattice that are occupied by H 2 O molecules Ĳmodelled as one full, one half and two quarter occupancies). The partial occupancies mean that detailed discussion of interactions involving these molecules is not meaningful. Solvent inclusion indicates that the packing of the 1-dimensional polymer chains is less efficient with n-pentoxy-substituted ligands than with the methoxy, ethoxy and n-propoxy-substituted ligands. Note that the elemental analytical data for the bulk material containing the n-butoxy-substituted ligand 4 are also consistent with the presence of water in the lattice.
The colourless blocks of the polymer ĳ{2Zn 2 (OAc) 4 Ĳ5)·2H 2 O} n ] were accompanied in the same crystallization tube by colourless crystals of the discrete complex ĳZn 2 (OAc) 4 Ĳ5) 2 ]. The Zn: ligand ratio of 1 : 1 in ĳZn 2 (OAc) 4 Ĳ5) 2 ] differs from the 2 : 1 ratio observed in ĳ{2Zn 2 (OAc) 4 Ĳ5)·2H 2 O} n ], and the discrete molecular structure is described in detail in a later section along with the structures of ĳZn 2 (OAc) 4 Ĳ8) 2 ], ĳZn 2 (OAc) 4 Ĳ9) 2 ] and ĳZn 2 (OAc) 4 Ĳ10) 2 ].
The bulk sample containing ligand 5 was characterized by powder X-ray diffraction and the data in Fig. S6 † confirm the presence of both components.
Crystallization experiments combining zincĲII) acetate with either ligand 6 or 7 resulted in colourless blocks, single crystal X-ray structure determinations of which confirmed 1-dimensional coordination polymers ĳ{Zn 2 (OAc) 4 Ĳ6)·MeCO 2 H} n ] and ĳ{4Zn 2 (OAc) 4 Ĳ7)·3H 2 O} n ]. Elemental analysis for the bulk samples was consistent with formulations of ĳ{Zn 2 (OAc) 4 Ĳ6)·H 2 O·MeCO 2 H} n ] and ĳ{4Zn 2 (OAc) 4 Ĳ7)·3H 2 O} n ]. The coordination modes of ligands 6 and 7 mimic those of 1-3 and 5 in the respective polymers. Fig. S7 and S8 † show the structures of the repeat units in ĳ{Zn 2 (OAc) 4 Ĳ6)·MeCO 2 H} n ] and ĳ{4Zn 2 (OAc) 4 Ĳ7)·3H 2 O} n ], the asymmetric units in which contain one and two independent ligands, respectively. In ĳ{Zn 2 (OAc) 4 Ĳ6)·MeCO 2 H} n ], the 4,2′:6′,4″-tpy domain is slightly twisted (angles between the least squares planes of the rings containing N1/N2 and N2/N3 = 3.5 and 17.6°) and the phenyl ring deviates 15.4°from the plane of the pyridine ring containing N2 (see Fig. S7 † for atom numbering). In ĳ{4Zn 2 (OAc) 4 Ĳ7)·3H 2 O} n ], the corresponding angles are 9.4, 11.6 and 29.7°for one independent ligand, and 0.5, 11.8 and 26.1°for the second.
In ĳ{Zn 2 (OAc) 4 Ĳ6)·MeCO 2 H} n ], the n-hexoxy chain is in an approximately extended conformation and adjacent chains pack into sheets in an analogous manner to those in ĳ{Zn 2 (OAc) 4 Ĳ1)} n ], ĳ{Zn 2 (OAc) 4 Ĳ2)} n ] and ĳ{Zn 2 (OAc) 4 Ĳ3)} n ]. However, comparison of Fig. 9a with Fig. 6b-d illustrates that the increased chain length forces the chains much further apart, while retaining a similar overall packing regime; the distance d (defined in Fig. 6a) is 16.78(1) Å. The voids between adjacent chains in a sheet (Fig. 9a) are partially occupied by acetate groups from {Zn 2 ĲOAc) 4 } in adjacent sheet and the remaining cavities are filled by acetic acid molecules (Fig. 9b) . Supporting evidence for ĳ{Zn 2 (OAc) 4 Ĳ6)·MeCO 2 H} n ] rather than a salt containing protonated 6 and acetate ions is two-fold. First, acetate oxygen atom O100 is 2.69(1) Å distant from atom O61
iii of an {Zn 2 ĲOAc) 4 } unit (symmetry with the observation of acetic acid (rather than acetate and protonated 4,2′:6′,4″-tpy) in the lattice of ĳ{Zn 2 (OAc) 4 Ĳ6)·MeCO 2 H} n ] ĲpK a of MeCO 2 H = 4.75). The π-stacking motifs which define the interactions between the sheets in ĳ{Zn 2 (OAc) 4 Ĳ6)·MeCO 2 H} n ] do not replicate those in the polymers discussed above. Centrosymmetric pairs of ligands 6 stack with π-interactions between phenyl and pyridine (with N1) rings (Fig. 10a) ; the angle between the ring planes = 11.9°and centroid Ph ⋯plane py distance = 3.36 Å. These interactions are augmented by pyridine⋯pyridine (N1/N2 iv rings, symmetry code iv = −x, 1 − y, 2 − z) interactions at an intercentroid separation of 3.57 Å, which result in an infinite stack of ligands (Fig. 10b) . In ĳ{4Zn 2 (OAc) 4 Ĳ7)·3H 2 O} n ], the n-heptoxy chains in the two independent ligands adopt a folded and nearextended conformation, respectively. This is reminiscent of ĳ{2Zn 2 (OAc) 4 Ĳ5)·2H 2 O} n ] and, as in the latter, the zigzag chains in ĳ{4Zn 2 (OAc) 4 Ĳ7)·3H 2 O} n ] assemble into sheets with two characteristic inter-chain separations (d = 12.579(7) and 16.869(7) Å; d is defined in Fig. 6a ). The shorter and longer separations are, respectively, associated with accommodation of the folded and extended chains (as shown in Fig. 8a for ĳ{2Zn 2 (OAc) 4 Ĳ5)·2H 2 O} n ]) in which values of d are 12.521Ĳ6) and 15.719(6) Å. The differences between the separation of the chains in the two structures has little effect on the overall packing. This involves discrete tetradecker π-stacks comprising three pairs of bpy/bpy interactions, each stack being terminated by two {Zn 2 ĲOAc) 4 } units (Fig. 11) . A comparison of Fig. 8b and 11 shows the similarity of the packing in ĳ{2Zn 2 (OAc) 4 Ĳ5)·2H 2 O} n ] and ĳ{4Zn 2 (OAc) 4 Ĳ7)·3H 2 O} n ]. For the central bpy/bpy interaction ĲFig. 11, yellow space-filling representations), the interplane separation is 3.35 Å, while for the outer bpy/bpy interaction (Fig. 11, green to yellow) , the angle between the least squares planes through the bpy units is 7.5°and the centroid⋯plane distance is 3.26 Å.
Discrete complexes formed between ZnĲOAc) 2 ·2H 2 O and ligands 5 and 8-10
The molecular structure of ĳZn 2 (OAc) 4 Ĳ5) 2 ] ĲFig. 12) resembles that reported for ĳZn 2 (OAc) 4 The n-pentoxy group adopts an extended conformation (Fig. 12 ). The 4,2′:6′,4″-tpy domain is virtually planar (the angles between the planes of the rings containing N1/N2 an N2/N3 are 1.3 and 6.5°). The phenyl ring is twisted 25.0°out of the plane of the central pyridine ring, consistent with minimizing H⋯H interactions. The molecules pack into sheets (Fig. 13a) with the pendant pyridine ring containing N3 directed into the V-shaped cavity defined by the pyridine rings containing N1 ii and N2 ii and the phenyl ring with C16
ii (symmetry code ii = 1 + x, y, z) of an adjacent ligand 5; the shortest N⋯HC contact is 2.47 Å. Fig. 13a shows the interdigitation of the n-pentoxy chains, and also illustrates that the sheets contain voids between phenyl units of adjacent chains. These pockets accommodate the methyl groups of two of the four acetato-ligands from the next sheet (Fig. 13b) . For ligands 8-10 with the longest alkoxy chains, single crystals of discrete complexes were obtained from reactions 11 Discrete tetradecker π-stack in ĳ{4Zn 2 (OAc) 4 Ĳ7)·3H 2 O} n ]; pyridine rings Ĳspace-filling representation) coloured green or yellow are attached, respectively, to n-heptoxyphenyl units containing extended or folded chains. This article is licensed under a Creative Commons Attribution 3.0 Unported Licence.
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Conclusions
The synthesis and characterization of 4′-Ĳ4-ROC 6 H 4 )-4,2′:6′,4″-tpy ligands 1-10 (Scheme 1) have been described. Each polymer has a zigzag backbone and the chains nest together to generate planar sheets. The increasing length of the alkoxy substituent forces the polymer chains further apart Scheme 4 Defined here for ĳZn 2 (OAc) 4 Ĳ5) 2 ], the Zn⋯Zn separation, x, quantifies the effect of increasing the alkoxy chain Ĳsee text) within a sheet.
Scheme 5 Overview of the formation of crystallographically proven coordination polymers and discrete complexes as a function of alkoxy chain length.
